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GROUND-WATER RESOURCES OF THE
- EL PASO AREA, TEXAS

By A. N. Sayre and PENN LIvINGSTON..

ABSTRACT

El Paso, Tex., and Ciudad Juarez, Chihushua, Mexice, and the industries in that
area draw their water supplies from wells, most of which are from 600 to 800 feet
deep. In 1908, the estimated average pumpage there was about 1,000,000 gallons
a day, and by 1935 it had increased to 15,400,000 gallons a dag'.

The water-bearing beds, consisting of sand and gravel interbedded with clay, lie
in the deep structural trough known as the Hueco bolson, between the Organ and

Franklin Mountains on the west, the Hueco, Finlay, and Malone Mountains on the .

east, the Tularosa Basin on the north, and the mountain ranges of Mexicc on the
soutim.. From the gorge above El Paso to that beginning near Fort Quitmar. about
90 miles southeast of El Paso, the Rio Grande has eroded a flat-bottomed, steep-

walled valley, 6 to 8 miles wide and 225 to 350 feet deep. No other large drainage .

channels have been developed on the bolson. The valley is known as the El Paso
Valley, and the uneroded upland part of the bolson is called the Mesa.
In the lowest parts of the El Paso Valley, the water-table is nearly at the surface.

The quality of the underground water in the valley varies greatly both vertically -

and laterally. To a depth of about 400 to 500 feet it is in general too highly miner-
alized for municipal use, but between about.-500 and 900 feet %ggd water may be
obtained from several beds. In the beds between 500 and feet the water
level in wells is in places as. much as 20 feet lower than that in the shallow beds.
Beneath the Mesa the water level varies from about 200 feet beneéath the surface,
where the ground elevation is least, to about 400 feet where it is highest, Tl e water
beneath the Mesa in general is of satisfactory quality and contains less than 500
parts per million of dissolved solids. .

The contour map of the water table beneath the Mesa shows that the ground
water is moving toward the southeast, that is, toward the Rio Grande, and the
recha.l:ge to the water bearing beds probably occurs along the east slopes of the
Franklin and Organ Mountains. The hydraulic gradient in the deep water»bearinﬁ
beds beneath the valley is also toward the river, except where it is locally altere
by pumping, indicating that the water has a gimilar origin. The hydraulic gradient
in the shallow water-bearing beds in the valley is toward the northeast, aw~y from
the river, showing that these beds receive their recharge from ‘the river. A minor
amount of recharge, however, probably comes from the mountains in Mexico, and
some underflow may take place through the passes at the north and south ends of
the Sierra del Paso del Norte. The amount of the total recharge is estim ated at
about 10 to 15 million gallons a day.

Two cones of depression in the water table have been formed by the pnwmping
near El Paso—one in the vicinity of the Mesa well field, the other around t}» Mon-
tana well field in the valley. The water released from storage by the fo~mation
of the cone centering in the Mesa field was calculated at 22,000 acre-feet, but the
total pumpage was estimated to have been 90,000 acre-feet. ’i‘hus, about ona-fourth
of the total pumpage was teken from storage; the remaining three-fourths apparently
was taken from recharge. About 210,000 acre-feet of water has been pump~d from
the cone of depression in the El Paso Valley in and near El Paso. e volume of
this cone could not be determined because there are artesian conditions in tl ig area.

Computations were made of the amount of water that would be recoversd from
storage if, for'a distance of 10 miles north of the Mesa well field, the water level in
a series of wells were drawn down the same amount as the present drawdown in the
wells in that field. The water that would be recovered from storage in the forma-
tion of this depression in the ground water surface was calculated at about 180,000

1

.



2 GROUND-WATER RESOURCES, EL PASO AREA, TEX.

acre-feet, the equivalent of about 714 years’ sup;lﬂy at the 1935 rate of pumping.
It is, of course, available in addition to the annual recharge.

The sudden increase in 1924 in the salt-water content of the water from El Paso

well 3 (well 52), in the Montana well field, was shown to be the result of a lerk in the
casing at a depth of about 127 feet, and the well was successfully repaired during
the investigation. However, the chloride content of all of the wells in the field has
been mcreasingb radually. This may indicate that salty water is being pulled in
from considerable distances or that the barriers between the fresh-water-bearing
beds and the salt-water-bearing beds above -them are not capable of preventing
vertical movement of the ground water. The fact that in the valley tl = static
water level in the shallow beds yielding poor water is higher than that in th~ deeper .
beds is disquieting, and if the level in the lower beds continues to decline, seepage
from the river eventually force the shallow highly mineralized water laterally
and perhaps downward into the beds bearing fresh water. The pumpage from deep
wells in the valley should be maintained at a minimum; eventually it may neces-
sarily be discontinued because of increasing mineralization of the water. Additional
wells should be drilled in the El Paso Valley only as needed to maintain the pumping
at its (Fresent rate, but wells intended to supply large quantities of addition~ water
should be drilled in the area north from the l?\/Iesa well field. :
. Measurements of the water levels in selected wells should be made at regular
intervals, and samples of water should be collected and analyzed every 6 months
to determine the accuracy of the conclusions regarding the quantity of potable
water available for the El Paso supply. These records, if continued, also will give
advance warning of  conditions that would require decreasing the pumpage in
existing wells or the development of new wells many years before the actual need
for such changes arises. '

INTRODUCTION
GEOGRAPHY

El Paso, which according to the 1940 census has a population of
96,810, is in the extreme western part of Texas on the Rio Grande, just
below the pass between the Franklin Mountains and the Sierra del Paso
del Norte in Mexico, known since Spanish times as ‘““the Pass of the
North.” (See pl. 1.) The city lies like a great crescent around the
south and southeast flanks of the Franklins, most of it within the Rio
Grande Valley, but toward the northeast it extends onto the adjacent
uplands, where it is adjoined by Fort Bliss, a cavalry and artillery post.
at which in 1939 some 2,500 troops were stationed. Ciudad Juarez,
which has a population of 39,375 according to the Rand MeNall com-
mercial atlas for 1937, is across the river from El Paso. The valley
downstream from these cities on both the American and Mexican sides
of the river is thickly populated. The uplands bordering. the valley,
with the exception of the area around Fort Bliss, are very sparsely

.populated. .

From a point about 50 miles upstream from El Paso the Rio Grande
flows south-southeast in a broad, flat-bottomed valley along tke west
side of the Franklin and Organ Mountains. This valley is 6 to 8 miles
wide and about 350 feet deep and is known as the Mesilla Val'ey, or
locally as the Upper Valley. Irrigated with water impeunced by
Elephant Butte Dam, it constitutes a garden spot in the midst of the
surrounding desert. The valley is bordered on the west by La Mesa,
a broad, nearly level plain that extends from near Las Cruces, N. Mex.,
far southward into Chihuahua, Mexico, and on the east by a narrow
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plain the surface of which has about the same elevation ag Ls. Mesa.
Near the southern end of the Franklins the Mesilla Valley is sharply
constricted, and the river turns abruptly -to the southeast entering a
deep, narrow canyon along the north side of the Rodadero IVills or
Cerro-de Muleros, which lie within the pass between the Frankl'ns and
the Sierra del Paso del Norte. The El Paso Canyon is 3 to 4 miles
long. Below the El Paso Canyon the river continues in a southeasterly
direction through the broad El Paso Valley, locally referred to_as the
Lower Valley. The El Paso Valley, which is similar to the Mesilla
Valley, is about 6 to 8 miles wide and 225 to 350 feet deep. It~ broad
-flat bottom includes large areas of irrigated lands. The valley is carved
diagonally across the Hueco bolson, a broad, gently tilted plain bounded
on the east by the Hueco and leav Mountams, on the west by the
‘Franklin Mountains, on the south by several groups of mo-ntains
constituting a part of the Sierra Madre Oriental chain of Mexi%o, and
on the north near the Texas-New Mexico boundary by a similar pla,m,
the Tularosa Basin. (See pl. 2.) From the floor of the El Paso Valley
the surface slopes upward, at first gradually but becoming steep and
abrupt where it meets the nearly level surface of the bolson floor.. Thus,
when one looks from the valley either to the north or south, the bolson
looks like a broad, elevated tableland, and for this reason 11; is locally
referred to as the Mesa.

‘PURPOSE AND SCOPE OF INVESTIGATION

Because El Paso is in an arid section of the country, public water
supplies must be obtained from wells or from the Rio Grande, and it is
.of the utmost importance to the residents of the area to know tn what
extent each of these sources may be depended on for future supplies.
For many years the water supply for El Paso and its industries and for
Fort Bliss and Ciudad Juarez have been pumped from wells. In 1921
Lippincott! reported on the water supply of El Paso, making a special
study of the possibility of obtaining the city supply from the Rio
Grande. He found that at times the water in the Rio Grande at El
Paso is too highly mineralized to use for a public supply.. Therefore
the use of river water for this purpose would involve the const-uction
at heavy cost of a pipe line to a diversion point-far up the nver Moret
‘over, all the water available for diversion from the nver is nov’ being
used for irrigation; obtaining the city supply from the river, therefore,
would involve retiring a pa’ t of the irrigated lands from lrrngatmn and
should be considered only as a last resort. No other permanent streams
are available for public supplies within a reasonable distance of the
city. = Thérefore, the ground-water supplies must-be utilized to the
‘fullest extent poss1ble, and a thorough investigation of the quant'ty and
quality of ground water available for future use is essential tg ad equate
planning of water-supply developments.

During the summer of 1934 the chloride content of El Paso city well 3
(well 52 of this report) in the Montana field increased rather suddenly
from about 250 parts per million to nearly 400 parts. Attemvts to
locate the source of the contamination were unsuccessful and it was
feared that the increase in chloride indicated that the beds yielding
fresh water were being contaminated by salt water. Because the wells
in the Montana field supplied a ‘considerable proportion of* the total

1Li mncott. J. B., Report on El Paso Water system by city Water Board (manuserint report,
Sepf.ember 1921),
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city supply, the failure of the field would be a serious blow. This
situation tended to emphasize the need for a comprehensive investiga-
tion of the ground-water resources of the area, which should include
determination of the cause of the increase in chloride in well 3 and
whether other wells are likely to be affected, the extent and volume of
the underground water reservoir, the rate at which the water held in the
reservoir can be removed from storage, the amount of water thet enters
the reservoir annually from recharge, and the location of the areas in
which wells are most likely to yield large quantities of potable water.
The El Paso Water Board requestéd the assistance of the Texas Board
of Water Engineers and the Federal Geological Survey. Mr. W. N.
White of the Survey visited El Paso in December 1934 and mrade the
preliminary investigation that has served as the basis for the present
study. In 1935 the city appropriated funds for cooperation between
the Geological Survey and the Texas State Board of Water Er «ineers.
The present investigation was begun in July 1935, and the fie'd work
was actively carried on until August, 1936. ‘

During the course of the investigation the geology of the area was
studied with particular reference to the occurrence and sourcs of the
ground water. All the available well data were collected and. studied,
including logs of wells, records of casing and screen settings, developed
capacity of the wells, total pumpage from the wells, and depth to the
water level in each well that could be measured. Monthly water-level
measurements were taken in selected wells, and pumping terts were
made to determine the permeability and specific yield of the water-
bearing beds. Numerous shallow test wells were bored in the valley
to determine the slope of the shallow water table and the chemical
character of the water. The Works Progress Administration sapplied
the labor for sinking these wells and for digging numerous trerc<hes on
the Mesa to determine the effect of the caliche in that area on the
downward percolation of rainwater. Deep test wells were drilled to
obtain samples of the water-bearing materials for the determin~tion of
permeability and specific yield. Water samples for chemical analysis
were collected from most of the wells in the area, and the character of
the water from various beds was determined by electrical cond ctivity
sests and by chloride and hardness determinations made in the field
on samples of water collected at intervals from wells that were pumped
after being idle for a considerable period.

Resistivity measurements were made by J. H. Swartz and E. L.
Stephenson at nearly 200 stations along two major traverses, ore cross-
ing the Hueco bolson from the Franklin Mountains to the Hueco
‘Mountains and the other extending from the El Paso Valley to the
New Mexico State boundary parallel to the Franklin Mountsins and
2 to 3 miles to the east of them. Measurements also were made along
several shorter traverses. The resistivity work was of an experimental
nature and was financed partly by funds supplied by the Bwreau of
Mines. The labor was supplied by the Works Progress Adminirtration,
and transportation and most of the equipment used was supplied by the
Geological Survey. The resistivity measurements supplement>d more
direct information from other sources on the location of areas in which
highly mineralized water occurs, and on the lpcation of faults. o

The study was made under the direction of O. E, Meinzer, Geplogist
in Charge, Division of Ground Water, and W. N. White, in cl-arge of
ground-water investigation in Texas. e ,



R ... - INTRODUCTION . . 5

- R. H. Colvin-and.J. H. Heuser were responsible for direct gu~ervision
of the Works Progress Administration labor used on the invertigation.
Mr. Colvin also ran levels and since 1936 has collected pump~ee data
and carried on the water-level observation program.
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HISTORY OF GROUND-WATER DEVELOPMENT

For many years the lack of shallow water on the Huecm bolson
retarded, to a large extent, the development of that area for pasture.
By 1904, however, some deep wells had been drilled, on the bolson,
., and Richardson? reported that the area afforded pasturage for tI-ousands
of head of cattle.

Water was first supplied to the city by pumping directly from the
river, under a franchise granted to Sylvester Watts in 1882. The first
well to furnish water for the city was known as the Watts we'l, which
was dug about 18923 g few hundred feet from the river and about in .
. line with Third Street extended. It is’ reported to have been 13 feet

in diameter and 60 feet deep. Near the bottom of the well 6«ireh pipes
were pushed out horizontally to the west, north, and south for distances
of 104, 60, and 85 feet, respectively. The horizontal pipes were slotted
after being placed. This well yielded a large amount of water, but
the water was of unsatisfactory quality, as is indicated by an analysis
published by Richardson* in 1908. Consequently, during the time
that water was supplied chiefly from this well,” drinking wrter was
shipped into the city from Deming, N. Mex: The Watts well sup-
plied the city until 1904, and from then until 1918 it was usel during

¢ Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, El Paso folio (no. 166}, p. 10, 1909
3 Lippincott, J. B., op. cit, (manuscript report) p. 9, 1921, .
¢ Richardson, G. B., op. cit. p. 11.
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the summer t6 augment the supply from the Mesa field. It Fas not
been used since 1918, but in 1923 it was tested and found to have a
yield of 2,000 gallons a minute with a draw-down of only 24 feet.

It is not possible to find cut who was responsible for the development
of the deep wells on the Mesa, but among the early wells drilled in that
area were those near Fort Bliss, drilled in 1901 by the El Paso & South-
western Ry. (now the Southern Pacific) and at Hereford (now Newman,
N. Mex.), drilled in 1902. In 1904 there were a number of deen wells
on the Mesa and many shallow wells in the valley.’

The Watts’ franchise expired about 1896, and in 1902 the Inter-
national Water Company obtained a franchise, bought the waterworks,
and, because the water from the Watts well was of unsatisfactory
quality, started drilling wells on the Mesa north of Fort Bliss. Seven
of these wells were completed by the end of 1904.¢ In succeeding years
additional wells were drilled, but the water company was financially
unable to keep up with the increasing demand for water. The def ciency
was made up by water from the Watts well. In 1910 the city acquired
the property of the water company and continued to drill additional
wells, and by 1917 a total of 44 wells had been drilled in the Mesa field.
These were pumped from a central plant by air lift, but the cost of
operating and maintaining the plant was excessive because of th< high
lift, the comparatively low yield of the individual wells, and the ineffi-
ciency of pumping with air. Therefore it was decided to explore the
gravels nearer the city and at lower elevations than at the Mes~ field.
In December 1917 construction was begun on city well 1 (well 50 of
this report), at the corner of Madison and Montana Streets near the
eastern limits of the city and in what is known as the Montana, field.
This well proved to be capable of delivering about 2,000,000 gallons a
day and was put in service in 1919. City well 5 (well 41 of this rport),
at the corner of Grama and Morenci Streets, was completed. in 1921
and had a capacity of 1,500,000 gallons a day. According to Lippin-
<130tét,7 these two wells furnished about half of the city water supply in

921.

The Mesa wells were gradually abandoned as other deep wells were
drilled nearer the city, and the field was finally abandoned in 1926.
In 1921 the Mayor of El Paso appointed a Water Board to make plans
for an adequate water supply for the city of El Paso, and they emvloyed
Mr. J. B. Lippincott as their consulting engineer. In hig report
Lippincott concluded that it would not be wise to develop the city water
supply from wells in the existing fields any longer than was necssary,
‘““because it is probably possible to obtain a more copious sur»ly of
water at a cheaper cost unmenaced by pollution and fitting into a plan
of distribution in a better way, looking towards the ultimate supply
from Elephant Butte Reservoir.” To meet the immediate needs of the
city he recommended the drilling of two more wells in the Montan- field,
and for future developments he recommended prospecting for water with
test wells northwest of the city in the Mesilla Valley and the develop-
ment of a ground-water supply in that area. Thus, when the city had
sufficient funds to finance the development of a surface-water supply
from Elephant Butte Reservoir, or some other reservoir on the Rio

5 Slichter, C. 8., Observations on the ground waters of Rio Grande Valley: U. 8. Geol. Survey
Water Supply Paper 141, 1905.

® Slichter, C. 8., op. cit., p. 18.

7 Lippincott, J. B., op. cit., p. 12,
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Grande above the city, a part of the pipe line would be.in plage ready
for use. Two test wells were drilled in the Mesilla- Valley,.but as.
both of them yielded salty water, the project to develop.a supply of
ground water in the Mesilla Valley was abandoned and. develogments
were continued in the El Paso ared. Deep wells have been. drilled by .
the city in its business section and in the Montana and Mesa well fields
to meet the increasing need for water. Wells also have been drilled
in the city by industrial organizations, on the Mesa by the United
States Government at Fort Bliss and by ranchers and ‘others, and in
Ciudad Juarez by private organizations and by the city waterworks.
From 1928 to 1930 the proven area of potable water in the valley was
extended to the southeast when two wells were drilled: by the F~sotex
Petroleum Co., one by the Texas Co., and one by the Nichols Copper Co.
to obtain water for oil or copper refineries in the area just east of th < city.

The table on page 51 shows the increase in the demand for fresh water
in the El Paso-Juarez area from 1906 to 1941. ' _

CLIMATE

The climate of the El Paso area is typical of the arid to semiarid parts
of southwestern United States and northern Mexico. The majority. of
the days are clear and sunny and therefore warm. The nights are cool,
because the altitude (3,700 to 7,000 feet) is such that the heat stored
during the day is rapidly radiated away. The annual rainfall is s bout 9
inches and a large part of this occurs in heavy thundershowers in July,
August, and September. There is usually a breeze and late in winter
and in spring high winds and sand storms are common. The average
humidity is very low, 38.8 percent, and therefore evaporation i+ high,
as is shown in the following table. h

Monthly and annual depth of ev,aporatz'on (inches) at El Paso

[Compiled from the means of tri-daily determinations of dew-point and wet-bulh observations in
. thermometer shelter, U. 8. Signal Service, 1887-88] :

JANUALY e . 4.01August.____ ... 7.7
February. .. ________ 3.9 |S8eptember.___._._____________ --- b.8
March. ... .. 6.0 | October...._._. e e 5.2
April._ .. 8.4|November_____.__._____________. 4.6
May. . . 10.7{ December_ ... ___._________ 2.9
June.__ ... 13.6i{Annual _________.______________ 82.0
JUY oo .. 9.4 .

Although the maximum ‘temperature recorded is 106° F. aud the
minimym is —5° F., the usual annual range in temperature is not nearly
so great as in more northerly areas. The mean monthly and annual
temperature are given below as of 1930. - ‘

Mean monthly and annual temperature (°F.) at El Paso

Max- | Mir- | Aver-
) Month imum |imum | age
B L U P 57.6 | 32.3 | 44.9
Febraary .- 11 1IIIITIITTIIIIIIIIIIIIIITIIIIIIIIIIIIIIIIIIITTT 62,2 | 3676 | 495
March 42.2 | 69.1 | 55.8"
77.1 | 49.6 | 63.8
85.2 | 57.9 | 71.9
93.6 | 68.0 | 80.6
92.8 | 69.3 | 81.6
pe e \g il
eptember. - . . .
October. 77.0 | 50.9- .0
65.86 N39.3 | 52.4
56.5 | 32.9 | 44.9
76.1 | 50.8 [ 63.6 -
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The following tables taken from reports of the Weather Bureau show
the precipitation from the beginning of the record to December 1936.
The mean annual precipitation from the beginning of the record to
1927 is 9.16 inches, the highest annual precipitation is 21.81 in 1856 and
the lowest is 2.22 inches in 1891, -

Monthly precipitation at El Paso, El Paso County, Tex.
[Altitude 3,762 feet.]

Year | Jan. | Feb. | Mar. Apr.' May | June | July | Aug. | SBept. | Oct. | Nov. | Dee. [Annual _

2178 PN IR RGN PR ARSI SN .10 1 5.71 [ 3.70 541 .00 50 [Lo..-.
1855| .00 | .00 j...... 00 (... .. 05| .16(1.12(17.22|1.05|1.25( .00 |.___..
1 .88 |5.562.02( .00| .00 58 | 2.20 | 3.38 | 7.00 0| .75 00 |21.81
1857 0| .50 .00 (... __ .00 1.52 | 8.73 | 4.15 7 [ .07 e oo PR
1 25| .15| .086| .00} .00 19 | 1.52 | 2.42 | .40 00! .01} .00 .00
1859 10| .10 .00( .01 .01 1.60 [ .22 1.11 70| .95 .00 | 4.83
1 241 .00 01 .00 30} .53 .08 18 |caveen .20 | .45 |oeoo-.

;

1. . .
1. f . 2, . . .
1 1.01 T .30 10 .00 |6.54 | 3.60 .80 02 | 1.58 |14.87
18811 .35 . .01 2211.83 ] .02|8.18|3.15)1.44 ) 1.45 .78 118.17
1882, .64 78 | .38 10| .43 [1.267| 2.82 .40 1.46 | .00 | 8.2
1883 .10 40 | 2.09 10 02| .04 (2.8 |1.84)|2.51])2.08 61 .84 |12.9:
1884 55 .33 91 .11 .46 | 3.98 [ 3.68 | 5.15 22 | 2.07 |18.30
1885 12 03 .84 04 1.27 1 2.63(1.06| .46 .22 46 31 .87.17.31 ¢
1 .31 44 .28 T .0111.03|1.62(1.85] 1.16 52| .04 8.08
1887 .03 1 .32.f .09] .13| .34| .73]1.68| .94 78 | .56 [ 1.01} 6.76
1888 32 | 1.51 95| .74 1 .42 1.8911.82| .49)1.13|1.82| .05 9.79
1889 76 | .1 .67 .04 00| .28 1.59 .04 | 2.64 35 55| .00 7.10
1890 72| .02} .01 .06 .63 .95 3.25| 1.81 41 35| .28 8.49
1891 27 .09 .16 | .00 .38 | .40 . .13 .23 T .60 | 2.22 .
2| 1.25| .57 | .30 | .11 T 1.14 | .07 .12 22| .93 .61 | 5.32
1893 | . 52 .81 .00 1 2.28 T |2.08(3.15] 2.08 T .02 .42 (10.88
1894 33 20| .13 .01 1 01} 1.4 641 .40 .39 .00 .63 | 4.24
1895 51 .17 .05 T |[2.11 21| 2.48 2.86 .28 | .88 1.05|. .31 )10.20
1896 | 1.63 14 T |- T 2.78 | 1. 1.48 | 2.02 .04 ‘.'gg 9.79
1807 .54 00| .06} .14 46 | 2.17 | 2.89 | 2.57 | 2.73 Nt T 12.41
1898 .25 .43 | .81 01 6| 1.46 | 1.00 ( .50 T .16 | 1.04 | 6.16
1833 .06| .08{ .28 .88 61]38.08] .91 .64 1 .01 64| .21 7.30
19 11 .26 | .02 41 27 12.38| .43|2.18|1.23| .,23| T | 7.95
1901 .35 68 1 .47 47 05 3911.05| .84 .82|298|1.05; .03 8,68
1902 | .57 01 .00 00 0113.27({2.851.8| .31 .49 1 .78 110.13
1903 61(1.090 .15 54 2912.5011.191.73 | 8.52 .00 .60 | .01 (11,63
1904 01 .00 .59 | 2.24 | 3.50 | 3.51 .01 .84 11,
1905 86 | 1.88| 1.46 | 1.38 03 |2.1272.56( .58(2.291.28|2.40 1.02 [17.80
1906 1.37 | .01 .40 90 2.02|4.10 | 1.18 |' .44 | 2.50 | 1.20 |14.99
1 42 T T .07 10 76 | .85|2.50, .96|2.,52! .73 T 8.41
1908 10| .26 .35]| .88 01 2.07 | 2.55 T L1211 .45 .15 ['6.94
i 04| .16 .77 00 05(1.62; .51| .60 .02 T .56 | 4.33
10 21 ég T T T 1.35| .60 1.181 .24 .02 | .03 | .30 4.
1811 36 ], . 43| .47 .3912.36(38.43| .45(1.00) .43 | .35, .24 (10,77
1912 00| .15 .96 T 1.27 | L.11 .38 [ 1.77 .60 [ .80 .48 (10,14
1913 34| 1.26| .20 .14 T 91| 1.31 .54 | .60 T 971 .76 | 6.
1914 03| .53} .1 .47 | 1.23 1 1.47 1 4.91 | 1.85 56+ .80 1.13 | 3.94 |17
1915( 1.01 | .59t 1.34 | .20 2.45 2.68| .18 .01 { .43 |10.26
1916 66| .02 . .20 431 .00 .59 3.07 .55 1 1.07 .52 1 (821 7.77
1917 2 T .07 T 14| .36 | .41]4.39| .76 T .04 00 i 6.49
1918} 1.20{ .01 .08 00 05 1.52 | 1.66| .01} 1.03]1.04 78 | 8.21
1919 .20 | .62 85 14 27 | 1.87 721 3.03] .97 | .98 12 | 9.87
1920 1.06 83| .22 03 03 99 | .84 | 1.33 81| .57 .21
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Monthly pmn‘pitaéion at El Paso, El Paso County, Ter.—Continued,

Year| Jan. | Feb. | Mar, [ April | May | June | July | Aug. | Sept. | Oct. | Nov. | Der. |Annual
1921 .06 .26 04 .01 .31 79 1 2.13 351 2.49 W11 .22 16 | 6.92 '
1922 30 T .16 28 36 .05 11,08 .27 | 1.07 .36 .29 4.30
1923 84 | 1.41 .33 04 01 .09 .20 1 2.96 .41 .58 53 9% | 8.13
1924| .40} .13 41 32 T 3.00 | 2.58 .14 .24 01 031 7.28
1925 .03 05 |- T T 59 171 1.40 | 2.16 | 1.03 .79 02 27 1 6.51
1926 54 17 11,49 11,11 70 .11 1 38.31 27 | 2.24 .89 15 72 111,78
1927 05| .18 .28 T .10 ) 2,52 1 1.34 ) 1.0¢4 .02 T 72} 6.25
1928 T .71 .05 22 96 T 1,151 2.69 .04 | 1.47 .79 13 | 8.21
1929 T .29 .21 T 1.51 .54 3.0111.18 12| 1.60 .33 501 9.29
1930 .17 .18 03 T 6 .53 1.33 /1 .04 .75 74 43 1 6,09
1931 .83 | .89 .38 | 2.24 06| 1.34 312,14 1.10 .14 .64 30 110.79
1932 17 .68 .03 T 1.46 .15 2.28 | 2,14 | 2.85 .53 .00 65 110.95 |
1933 19 .23 T 09 4| 2.14 ) 1.34 | .99 .60 .04 5.93
1934 01 .12 .24 05 37 .01 .19 60 W17 .44 .21 321 2.73
19356 24 .47 L14° 02 17 09 16 [ 1,721 1.24 .14 92 34| 5,65
1936 §7 .08 T 11 56 34 68| 1.94 | 3.52 32 1.32 51} 9.93

Mean| 0.40 { 0.45 | 0.80 | 0.20 | 0.26 | 0.58 | 1.66 | 1.85 | 1.56 | 0.82 | 0.55 | 0.43 | 9.16

Nore:—From August 1850 to December 1876 the values given are for Fort Bliss, which was then
located 14 miles northwest of El Paso on the Rio Grands, '

Figure 1 gives the rainfall and the cumulative departure from mean
annual precipitation from the beginning of the continuous record in 1879
to 1936, and it shows that from 1880 to 1884 the precipitation gpreatly
exceeded the mean; that from 1885 to 1901, although there were occa-
sional years in which the precipitation was above normal, it was gener-
ally less than normal; that from 1901 to 1915, with only four exceptions,
the precipitation was greater than normal; and that from 1916 to 1936,
with tlhree notable exceptions, it has been greatly below normal, or
normal. .

A regional variation in precipitation was indicated by the records
from three recording rain gages established and maintained during the
investigation, one at the gEmergency Landing Field near the Hueco
Mountains, one at Newman, N. Mex., and one near Indian Springs in
the Franklin Mountains. The gage at Newman was installed Seotem-
ber 20, 1935. Up to September 23, 1936, it recorded a total r~infall
of 6.62 inches, whereas the rainfall in El Paso during the same period
was 7.77 inches. The gage at the Emergency Landing Fiell was
established October 14, 1935, and removed July 25, 1936, during which
period the total rainfall recorded was 3.83 inches. During that period
the rainfall at El Pagso was 3.50 inches. The gage at Indian Springs,
which was installed October 9, 1935, and removed July 29, 1936,
recorded a total rainfall of 4.65 inches during that period, while th~ gage
at El Paso recorded a rainfall of 3.50 inches. These figures indicate
that the rainfall in and near the Franklin Mountains was somewhat
greater than that on the bolson at a considerable distance frowa the
mountains, and that the rainfall in the Franklins was somewhat greater
than that in El Paso, at the southern end of the mountains. The
records, however, were not of sufficient duration to prove that the
precipitation at these localities would be consistently greafer or less
than the precipitation at El Paso. -

GEOMORPHOLOGY

The El 'Paso area presents an assemblage of topographic forns that
does not permit it to be placed wholly in any physiographie province.®
s Richardson, G. B., U. 8. Geol. Burvey, Geol. Atlas, El Paso Folio (No. 166), p. 1, 1909.

\
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, GEOMORPHOLOGY - - . 11
The Franklin Mountains, with their complex systems of faults, and the
‘Hueco and La Mesa bolsons are characteristic of the Basin anc Range
province. (See pl. 1).. The intensely folded mountains soutl of the
Rio Grande in Mexico are typical of the western branch of the Sierra-
Madre Oriental of Mexico. The Malone, Finlay, and Hueco Moun-
tains® are arched into gentle folds that are probably an outer branch
of the system of close folding of the western branch of the Sierrs. Madre
Oriental of Mexico. )

BOLSONS AND VALLEYS
' HUECO BOLSON

The term bolson, from the Spanish for purse, was applied by Hill®
to the intermontane basins of the Trans-Pecos region of Texas and New
Mexico. In its usual sense the term means a closed basin with centri-
petal drainage. Hill, however, included under the name Hueco bolson -
all that part of the trough, having a length of some 200 miles and an
average width of 25 miles, that lies between the Franklin-Organ-San
Andreas and the Quitman—Malone—Fin]ay—Hueco—Sacramento el ~ins of
mountains. A few years later, Richardson!! stated -

In a'large way this intermontane lowland is a unit, but it is divided into two
distinet parts by a low transverse divide a few miles north of the State bundary.
The northern part, known as the Tularosa Desert, trends north and south. and is a
closed basin with no drainage outlet. A large part of its surface is charvcterized
by salt marshes and dunes of gypsiferous white sands. The southern part of the
lowland trends northwest and southeast, contains no salt or gypsum, and is tra-
versed by the Rio Grande. .

Thus the Hueco bolson, locally known as the Mesa, lies south of a
low indefinite divide which ‘““on the west approaches within a fex miles
of the Texas State line but swings northward in the vicinity of the
Jarilla Mountains.”!? The margin of the bolson extends along the east
side of the Franklin Mountains to the Sierra del Paso del Norte a few
miles south of-the international boundary. (See pl. 1.) Trere it -
swings to the southeast along the Sierra del Presidio and the Sierra de
Guadalupe to the Sierra de San Ignacio near Gaudalupe, Chil'uahua,
Mexico, from where it continues southeastward along the Rio Gronde to
Fort Quitman, Tex. Thence it follows north-northeast alcng the
Quitman, Malone, and Finlay Mountains to the south end of the Huecos,
and northward to the Jarilla Mountains. The average width of the
bolson is about 20 to 25 miles. . Its length is about 40 miles along the
west side and 60 miles along its east side. ‘

The Hueco bolson is a deep structural trough partly filled wit
detritus, having a total thickness of over 4,920 feet,!®* which has been
washed into the basin from the adjacent mountains. Although the
present surface has the appearance of a nearly level plain, sctually
it rises, appreciably toward the east, somewhat less so toward the north.. '
On the west side of the bolson, near Fort Bliss, the altitude ir about

* King, P. B, Outline of structural development of trans-Pecos Texas: Am. Assoe. Petrolem Geolo-

gists, Bull., vol. 19, p. 245, 1935. j g
10 Hill, R. T., Physical geogrgphy of the Texas region: U. 8. Geol. Survey Topographic Atlas, folio

no. 3, p. 8, 1900,

n il?e.hardson. G. B., op. cit., p. 2, 1909, * .

12 Meinzer, O. E., and Hare, R. F., Geology and water resources of Tularosa Basin, N. Mex.: U, 8.
Geol. Survey Water Supply Paper 343. p. 11, 1915.

13 Baker, C. L., Major structural features of trans-Pecos Texas, The Geology of Texax. vol. 11,
Structural and economic geology: Texas Uniy. Bull., 3401, p. 204, 1934. \
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3,900 feet above sea level, while on the east side, near the Hueco Moun-
tains, it is about 4,200 feet, a rise of 300 feet in about 17 miles. O:x the
west side near the New Mexico-Texas boundary, about 14 miles north
from Fort Bliss, the altitude is about 4,000 feet, a rise of about 100 feet.

As shown by the U. 8. Army topographlc sheets of the Fort Blis® and
Orogra,nde quadrangles, there are four shallow depressions, elongated
ift a notth-south direction, along the west side of the bolson about 2 to'
" 3 miles east of the Frankhn Mountains. One of these is just north
of Fort Bliss, another is about midway between Fort Bliss and the State
line, a third is on the Staté line, and the fourth is south of the Dons. Ana,
target range, in New Mexico about 5 miles north of the State line.
These depressions form the lowest parts of the Hueco bolson. From
them the surface rises rather rapidly and.smoothly toward the Franklin
Mountains across coalescing alluvial fans formed by recent outwash
from the mounfains. This even slope is interrupted over much of its
extent near the mountains by an abrupt east-facing escarpment 10 to
50 feet high, but it ‘continues unbroken in the floors of the narrow éan-
yons carVed into the Bench above the escarpment.’* The slope of the
surface of the bench above the escarpmient is somewhat more gentle -
than that below. Near the middle of the Franklin Range the alt‘tude
of this bench or terrace is about 4,250 feet; toward the south it becymes
lower, and opposite Fort Bliss, near the southern end of the Franklins,
the altitude is about 4,000 feet. Farther south only remnants of the
bench remain, bBut these may bBe traced around the south end of the
Franklins into the high terrace of the Rio Grande on the west side of
the mouuntains.

Eastward from the line of depressions near the Franklins the bolson
surface rises gently toward the Hueco Mountains. - Two to four miles
west of the main mass of the Huecos there are a number of hard-rock
outliers, which rise sharply above the relatively smooth bolson, and in
this area the surface begins to rise fairly rapidly across coalescing allwvial
fans, reaching an altitude, near the base of the main mass of the moun-
tams of more than 4,250 feet above sea level.

Breakmg the even surface of the bolson are at lea,st 8ix sharp east-
facing escarpments, 10 to 30 or 40 feet high, which form the we-tern
Boundary of long, narrow, asymmetrical depressions, of whicl the
lowest, part is near the escarpment and from which the surface rises
eastward to the general level of the bolson over a distance of .one-half
to three-quarters of a mile. (See pl. 1.) Nearly all the depressiors are
somewhat sinuous, but dll have a north-south trend. As indicated by
their, asymmetnca,l shape and sub-parallel trend they are not drainage
channels but definite structural features. ' In fact the Hueeco bolson
has none but short poorly developed drainage channels near the Rio
Grande Valley. The precipitation on the bolson is lost almost entirely
by ' evaporation, infiltration, or transpiration. Numerous drainage .
channels cross the alluvial slopes near the mountains and some of this
water enters the depressions and forms temporary lakes. Ther: are
also many draws along the valley of the Rio Grande that form reent-ants
in the valley wall, but with a few notable exceptions, such as the draw
near Fort Bliss and San Felipe Draw near Fabens, these reent-ants
extend only a short distance into the bolson. South of the Rio Grande
only a small part of the bolson surface remains, most of it having been

v

14 This escarpment is well shown in ;')late 10 of U. 8. Geol. Survey Water-SBupply Paper 343,
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dissected during the carving of the. El Paso Valley. The terraces and
benches formed then are well displayed near the Sierra de San Ignacio
southeast of the village of Guadalupe, Mexico. The surface of the:
upper bench rises gradually to the pass between the Sierras de San.
Ignacio and de Guadalupe and to the pass between the Sierras de
Guadalupe and del Presidio, but between the Sierras del Presidio and
del Paso del Norte erosion bry tributaries of the Rio Grande has formed
an escarpment about 50 feét high, only a narrow remnant of the bolson
surface remaining. It is evident, however, that it was originally con-
tihuous with the surface of the Samalayuca Valley. Similarly, near’
the north end of the Sierra del Paso del Norte the bolson is almost
entirely destroyed by erosion, but at one time it was evident'y con-
tinuous with the surface of La Mesa.

‘The dominant soil of the bolson is fine 'sand, classified chxeﬁy as
Reeves fine sand and Reeves fine sandy loam,!s with which is mixed &
small amount of silt and gravel. It supports a scattered vegetal cover
consisting largely of mesquite with some creosotebush and sagebrush.
. The mesquite, which rarely grows more than 2 or 3 feet above ground,
catches and holds the drifting sand, growing above the sand as it
accumulates and anchoring it in place, thus forming innumerables small -
mesquite-covered dunes 4 to 5 feet high. (See pl. 3, A.) The soil in-
the depressions is silty or clayey, but the westernmost depression,
because it is the lowest and widest and is subjegt to inundation by storm
waters from the mountains during exceptionally heavy rains; shows the
widest area of clayey soil. This soil supports a growth of grasres and-
‘low brush, mainly creosotebush. Except near their outer- margins, -
the alluvial slopes of the Franklins and the Huecos are covered ‘with
gravel, which according to available well records and to the geophysical
explorations carried on during the investigation extends to a depth

of several hundred feet. This gravel supports a sparse veg-tation
of desert -plants, including creosotebush, lechugmlla and varieties .of
yucca and of cactus.

TULAROSA BASIN o

" The Tu’lari)sa Basin, which is the northward extension of the Hueco‘
"bolson (pl. 1), has been described in considerable detail by Me‘nzer.'®

LA MESA

West of the Franklin Mountains is another broad plaln c&lled La’
Mesa,!” similar in general appearance to the Hueco bolson, which’
extends as a nearly unbroken surface from Las Cruces southward into
Mexico and is bounded on the west by the Potrillo Mountains and. on
the east, and north by the valley of the Rio Grande (Mesilla Valley).
This plam which originally extended northward from Las Cruces for
about 100 miles and eastward to the Franklin Mountains, has s'nce its’
formation been divided by the -Ria Grande inte a northern part known
as the Jornado del Muerto, a southern part known s La Mesa, and an
eastern part. consisting of a ' dissected pediment about 350 feet above the
river on the flanks of the Franklin Mountains. The surface of La Mesa ,

15 Carter and others, Soil )mrvey (reeonnalssance) of the Trans-Pecos area. Texaa U. S Dept. of
Agrigulture, Bureau of Chemistry and Soily, series 1928 no. 35, pp. 27-28, 1

16 Meinzer, O. E., and Hare, R. F., op. cit. (Water-Su lyP er 343), p.

17 Lee, W. T., ‘Whater resources of the Rio Grande V ey in New Meneo and then- dev‘lppment
U. 8. Geol. Survey ‘Water-Supply Paper 188, pp. 9-11, 1807,
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is nearly level and has practically no drairage lines except the short,
steep-sided arroyos near the Rio Grande, but, like the Hueco bolson,
it has a number of elongate, shallow depressions, which may be of
structural origin. The surface of La Mesa also is marked by several
circular craters, such as Kilbourne Hole, 1 to 2 miles in diameter and
one hundred to several hundred feet deep, which, according to Darton, '8
were probably caused by a volcanic explosion. The altitude of the sur-
face of La Mesa near Las Cruces is about 4,250 feet above mean sea level,
which is the same as that of the southern part of the Jornado del
Muerto. From Las Cruces the surface slopes gently toward the south
and at the international boundary its altitude is about 4,100 feet. The
slope continues south of the international boundary, without per-
ceptible break, into the lake region of northern Chihuahua.

The surface of the northern part of La Mesa is covered chiefly with
gravel, except in the vicinity of Afton, N. Mex., where there are several
large areas covered by recent lava. Toward the south it becomes more
sandy and near the International Boundary there is an area of migrating
sand dunes, extending from several miles north of the boundary south-
ward into Chihuahua, Mexico, a distance of 50 or 60 miles. "South of
Samalayuca, along the west side of the Sierra del Presidio, individual
dunes attain a height of 200 to 300 feet and the dune area is 20 to 30
miles wide from east to west.

The materials underlying the La Mesa area are similar to those under-
lying the Hueco bolson, consisting of unconsolidated sand, clay and
gravel. They have not been thoroughly explored, but in some places
they are known to have a thickness of more than 1,000 feet.

LAKE REGION OF MEXICO

South of the international boundary, on the lowest parts of the
surface of La Mesa are a number of lakes and lake beds! These are
Laguna Palomas, 5 miles south of Columbus, N. Mex.; Leeuna
Tildio, about 25 miles southeast of Columbus; Laguna Guzman, 30
miles south of Columbus; Laguna Santa Maria, about 45 miles south
of Columbus; the Barreal, an ancient lake bed about 50 miles southeast
of Columbus; Laguna Federico, about 60 miles southwest of Colurmbus;
and Laguna de los Patos, about 65 miles south of Ciudad Juarez. All
except Laguna Federico lie near the southern margin:- of La ]fTesa.
Laguna Federico is about 20 miles west of La Mesa and is separated from
it by mountains.

The maximum extent of Laguna Guzman (see pl. 4, A) is abot 16 .
miles from north to south and 5 to 7 miles from east to west.’* It is
3,920 feet above mean sea level or about 220 feet above the Rio Grande
at El Paso. The lake forms the terminus of Rio Casas Grandes (Rio
Fusiles), which rises in the Sierra Madre Occidental to the west.
Although normally a sizable lake, it was nearly dry in September 1935
and has been dry several times within the memory of residents living
in the area. (See pls. 1 and 3, B.) It is reported that the use of water
for irrigation from the Rio Casas Grandes and its tributarier has
increased magterially since the revolution, and this probably has played

19;;z‘;Daﬂ;cm. N. H., Guidebook of the Western United States: U. 8. Geol. Survey Bull. 845, p. 134,

19 Brand; D. D., The natural landseapes of northwestern Chihuahua: New Mexico Univ. ﬁl‘!l., vol.
5, no. 2, p. 70, 1937. )
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an important part in causing the present low stage of the lake. The
wave-cut terraces north of the present lake and the wave-ct cliffs
about 30 feet high on the west side of the lake indicate that it was
formerly much larger and deeper than at present.

Laguna Santa Maria, which is 16 miles long in maximum extent and
from 2 to'5 miles wide,2? has an altitude of 3,820 feet above mean sea
level or about 120 feet above the Rio Grande at El Paso. The lake is
the terminus of Rio Santa Maria which rises in the mountains to the
south. It was dry when visited in 1935 and, according to Branc'.?! even
in normal years it probably is dry most of the year except.for sor~e pools
around the springs at the lower end of the delta of the river. Asin the
case of Laguna Guzman, irrigation in the headwaters of the ti"butary
stream may be partly responsible for the present low level of the lake.
Brand says, “Former highwater marks along the northwestern shore
.indicate occasional rises of many feet, at times even to the covering of
the springs which are now surrounded by vigorous growths of grama
and other grasses.” The ancient shore lines indicate that the lake
was formerly much larger. It may havp extended southeastw~rd and
included the Barreal, but it is now hemmed in on the west and east by
lava and limestone hﬂls, and on the north a great mass of lava (Sierra
Malpais de la Laguna) shuts off a probable former connection with
Laguna Guzman.

Laguna de los Patos has a maximum extent of about 8 miles northrand
south and about 3 miles east and west. It has an altitude of about
2,870 feet above mean sea level or about 170 feet above the Rio Grande
at El Paso. It is fed by Rio Carmen, which rises in the mountains
south of the lake, and by a number of springs, which emerge from the
dunes that surround the lake. The water from most of the springs is
somewhat mineralized, but it supports a growth of vegetation that
includes grasses, tules, catta,ll and eottonwoods. The lake was nearly
dry when visited in 1935, but a,ccordmg to Brand?? it was a permanent
}ialfle up to 1925 and is reported to have contained carp (?) and other

shes.

Laguna Palomas is a small lake or series of lakes fed chiefly by water
from the Las Palomas spring. It is the terminus of the drainags basins
of Las Palomas Arroyo and Mimbres River. These streams lo-e their
water and become dry far upstream from the lake. Darton?® reports
that the flow of the Mimbres River generally does not extend far
beyond Deming, N. Mex., but that occasionally it flows into a shallow
lake in the wide valley east of the Florida and west of the Potrillo
Mountains, and that for short periods in 1904, ‘1905, and 1906 the
Mimbres flowed nearly to the Mexican boundary for the only time in
18 years. ‘““In recent geologic time, however, it flowed through thls
valley and out into Palomas Lakes and other basins in Mexico.”
Palomas Arroyo empties directly into Laguna Palomas, ‘“but ordinarily
the flood waters even of cloud-bursts mostly sink in the porous bolson
soil.” Brand?¢ states that at extreme flood periods the main Mimbres
channel is near Arena, 14 miles east of Columbus, which would indicate
that the Mimbres formerly flowed into Laguna Tildio. At present the

20 Brand, D. D., op. cit., p. 63.

21 Brand, D. D., op. cit., p. 64. ,

22 Brand, D. D, op. cit., p. 60,

28 Darton, N. H Geology and underground water of Luna County, N. Mex.: U. 8. Geal. Survey
Bull, 618, p% 14 111—112 191

24 Brand , op. cit., p. 71
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water from Laguna Palomas is conveyed by two canals to.Laguna
Tildio, 30 miles distant. As indicated by Brand, the Tildio Pasin is
about 12 miles broad and may extend from the bluffs north of Tildio
tanks to the Barreal, a distance of about 40 miles. Southeast of Lake
Guzman, some 10 miles northwest of the station of the National Rail-
ways of Mexico, Los Medanos (the sand dunes), and east of Lake Santa
Maria, is the Barreal, a large level area, many miles across, of shiny-
crusted clayey soil supporting almost no vegetation, presumably because
alkaline ground water lies within a few inches of the surface. . It is
surrounded by wave-cut cliffs some 20 to 30 feet high. Since these
cliffs are cut both in unconsolidated deposits and in igneous and meta-
morphosed rock, this areais without doubt the bed of a lake that formerly
existed for a considerable period.

Sprmgs are numerous in the lake region of Mexico. Las F-~lomas
spring, which Brand considers to be fed by the underflow of the Arroyo
Palomas, had a discharge of about three second-feet when visited in
1935. Carrizal ,Springs about 26 miles southwest of Villa Alumada
have a flow of several second-feet. Federico Springs southwest of La
Ascension largely maintain the water level in Laguna Federico. Several
springs in the vicinity of Samalayuca have a combined flow of several
second-feet. In addition, there are large numbers of springs of varying
sizes that were reported by local residents, but not visited by the
writers. The water of the springs ranges in temperature from cool
to hot, the hottest water recorded being 186° F.%® in the Ojo D! ablo at
the O]OS Calientes de Santo Domingo. The water also varies widely in
chemical character., Water from San Jose spring near Laguna de Los
Patos had a total hardness of 36 and contained 208 parts per million of
chloride. A sample of water from the deep artesian well &t Villa
Ahumada had a total hardness of 270 and contained 1,550 psrts per
million of chloride. A dug well at Samalayuca yielded water that had
a hardness of 232 and contained 34 parts per million of chloride. The
presence of the large number of springs in the lakes region of Mexico
suggests that ground water is rather abundant and in general may be
encountered at relatively shallow depths. However, although rwuch of
the water is of excellent quality, some of it is highly mineralired and
would not be suitable for many purposes.

RIO GRANDE VALLEY

The flow of the Rio Grande in the upper half of its course-is derived
from a few normally small, permanent streams and'from to-rential
rains that occur chiefly in the summer.. Sinee no. permanent streams
enter the valley in the stretch between the Rio Puerco, about 2 miles
above El Paso, and Fort Quitman, 90 miles below El Paso the perennial
flow of the river in this stretch is dependent upon the d1scha,rgo at the
mouth of the Rio Puerco. Before the construction of Elephant Butte
Dam, about 125 miles above El Paso, this discharge was frewvuently
insufficient, because of infiltration and evaporation losses, to maintain
a flow in the vicinity of El Paso, and the river bed was often dry for
months at a time. The river was subject to great and sudden floods,
because the rainfall in the region occurs principally in the form of violent
storms or cloudburgts.? :

% Brand, D. D., op. cit., p. 73. !

26 Lee, W. T., ‘Water resources of the Rio Grande Valley in New Mexico and their devalovment
. u.s. Geol. Survey ‘Water-Supply Paper 188, p. 1, 1907.
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Sinee Elepha.nt Butte Dam was constructed 1t has served to store the
wg.ters of floods and the greater—tha.n—normal discharge that usually
results during spring from the melting of snow in the mountains. The
stored water is allowed to enter the stream below the dam and a more
or less constant flow is maintained at El Paso. However, viol-nt rain-
storms, which oceur downstream from the dam, still cause more or less
destructive floods.

The course of the Rio Grande has been described by Lee? and. Bryan 8
The river rises in the mountains of Colorado and flows alternately
through a suceession of broad basins filled with unconsolidated deposits
and through narrow rock-walled canyons. From its headwaters and
through New MexXico its course is essentially parallel to th~ north-
south-trending mountains. ‘A few miles northwest of El Paso its course
becomes southeasterly and it cuts across the mountains tkrough a

"narrow gorge and across the Hueco bolson to Fort Quitman, where it
commences the great semicircular detour known as the Big Bend.

MESILLA VALLEY

From old Fort Selden, the Rio Grande flows for. about 60 miles south,
pearly to El Paso, in a ﬂat—bottomed steep-walled valley,5 or 6 mlles
wide and 350 feet, deep that is cut along the east side of La Meés*. This
valley is known as the Mesilla Valley. Its wide flood plain 1«8 been
irrigated with water from the river since the early Spanish colonization,
when, because of uncertainties in the flow of the river, the water supply
for irrigation was more or less uncertain. With the construction of
Elephant Butte Dam, a dependable supply of water has become avail-
able, and the valley has become a rich agricultural area.

Dunham? has recognized four erosion surfa,ces or former levels of
the Rio Grande in Dona Ana County, as given below, the first two of
. which were also recognized by Lee.3 :

(1) The uppermost erosion surface, 700 feet above the level of the present Rio

Grande, represented by a small area south of the Sierra de Las Uvas and west of -

Robledo.
(2) The Jornado-La Mesa surface, about 350 feet above the river and extending

from San Marcial, N, Mex., through the Jornado del Muerto and therce south-

ward across La Mesa into Mexico.

(3) The Picacho surface 100 feet above the river and well developed around the
base of El Picacho Peak.

(4) The present river plain.

At the lower end of the Mesilla Valley the river turns abruptl" south-
eastward into the El Paso Canyon, a gorge, 3 to 4 miles long that is
cut through the limestones, shales, and deformed gravels between
Cerro de Muleros and the Franklin Mountains. In this stretch the
canyon is about one-quarter of a mile wide and about 300 fest deep.

On the south side there i is a bench about 200 feet above the river that

appears to be an old erosion surface cut in solid rock. Lee?! referred to
rock terraces at the same altitude as the surface of La Mesa, but.the
writer observed no well-developed terraces at this altltude, although

"’Lee W. T., op. eit., !
% Brya.n. Klrk *he geolo%r and ground-water conditions of the Rio Grande depressmn in Colorado
. 19§ New Maxxco Regional
28 Dunham, K. C., Geology of the Organ Mountai New Mexlco Sbhool of Mmas Burenu of
Mmes and Mineral Reaoumes Bull. 11, I?p 178-181, 1935 (1936).
0 Lee, W. T., 0p. cit. (Water-Supply Paper 188), pp ll and 12.
a1 Lee, W.'T., op. cit. (Water-Supply Paper 188), p.

lanning, pt. 6, vol. 1, pt. 2, sec. 1, pp. 198—-201. Nat. Ruouroos Comin,, _
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there appeared to be small remnants of a 4,100-foot bench 350 feet above
the river. .

EL PASO VALLEY

Emerging from the Kl Paso Canyon the river enters the El Paso
Valley, also called the Lower Valley, which is cut diagonally across the
Hueco bolson to Fort Quitman about 90 miles below El Paso. The El
Paso Valley is similar to the Mesilla Valley in form, but wherees the
Mesilla Valley has a nearly uniform depth, the El Paso Valley becomes
deepér downstream. Near El Paso it is a little over 200 feet deen and
near Fabens, 30 miles below El Paso, it is about 330 feet deep. The
El Paso Valley is about 6 to 8 miles wide and has a flood plain 4 to 5
miles wide, from which the sides of the valley rise rather steeply to the
foot of an abrupt escarpment called the Valley Wall, Rock Rim, or
Mesa Rim, which is perhaps 75 feet high, the last 10 to 40 feet being
nearly perpendicular in many places because of the resistance to erosion
of a layer of white caliche 2 to 6 feet thick that occurs 2 or 3 feet below
the sandy surface of the bolson. The valley wall is quite sinuous
because of the presence of the many dry washes or gulleys that extend
from a few hundred feet to a mile or more into the bolson; one of these,
San Felipe Draw, extends into the bolson nearly 5 miles.

According to Bryan,’? Daingerfield has distinguished two rather
poorly developed erosion surfaces, which reach the river less than
100 feet above its level, and a terrace about 20 feet above the river.
Although in most parts of the valley erosion surfaces and terraces are
poorly preserved, because of the nonresistant character of the bolson
deposits, near Fort Quitman they are better preserved, and there
appears to be a rather well-developed surface on the Mexican side of
the river about 200 to 250 feet above the river level.

Is

MOUNTAINS

Organ Mountains.—The Organ Mountains form a part of the long
chain of tilted mountains that extends from the southern end of the
Rocky Mountain chain in North Central New Mexico to the Rio Grande.
From San Augustine Pass, which has an altitude of 6,500 feet these
mountains extend southward for about 17 miles to Fillmore Pass,
altitude 4,250 feet.?®* The maximum width is about 9 miles. The
range is composed largely of crystalline intrusive and extrusive igneous
rocks with smaller amounts of limestones, shales, and sandstcnes.?
Most of the sedimentary rocks are on the west side of the range dipping
westward. The east side is more precipitous than the west side and is
composed dominantly of igneous rock, suggesting that the topographic
form is due to faulting accompanied by tilting. Although the lower
slopes of the Organs are almost barren of vegetation, the upper slopes.
support a more or less scattered growth of pines and juniper, presurmably
because the mountain tops, having an altitude of about 9,000 feet,
receive more precipitation than do the lower slopes.

Franklin Mountasns.—The Franklin Mountains are a narrow range
of faulted and tilted sedimentary and igneous rocks, extending in a line

32 Bryan, Kirk, op. cit‘hpp. 45-46.

33 Meinzer, O, E., and Hare, R. G., Geology and water resources of Tularosa Basin, N. Me~.: U, 8.
Geol. Survey Water-Supply Paper 343, pp. 30-31, . .

3 Lindgren, W., The ore deposits of ﬁ‘;w Mexico: U. 8. Geol. Survey, Professional Paper 68, pp.
208-209, 1910. Dunham, K. C., op. cit., pp. 28-110.
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slightly east of south from Fillmore Pass, at the south end of the Organ
Mountains a few miles north of the New Mexico State line, to the Rio
Grande at El Paso. , S

The highest peak in the Franklin range is Mount Franklin, which has
an altitude of 7,149 feet. The range is about 3 miles wide and 15 miles
long and is asymmetrical, having a steep east slope and a sorewhat
gentler west slope. The east slope is formed by the eroded edges of the
formations composing the mountains, whereas the west slope is essen-
tially a dip slope, the formations formerly present having been s‘ripped
off rather than incised. On the other hand, erosion has earved long deep
canyons, partly gravel filled, into the east slope separating it into a series
of transverse ridges, and in the northern part this process has gone so
far as to cut nearly through the range, forming the comparativ-ly low
pass known as Anthony Gap. Along the east slope the forr~ations
composing the mountains are well exposed, giving a banded appearance
that is accentuated in the southern part of the range by a 5-foot bed of
white argillaceous quartzite, which is visible for several miles. Prac-
tically no soil is present on the mountains except in joint eracks, and
vegetation is limited to scattered growths of sotol, yucca, lechuguilla,
and several varieties of cactus. \ ‘

Cerro de Muleros.—Cerro de Muleros is a more or less circular group
of hills, the highest peak of which is'called Rodadero Peak or Sierra
del Cristo Rey, about eight hundred feet high. This group ir about
4 miles west of the south end of the Franklin Mountains and sbout 3
miles north of the Sierra del Paso del Norte. The international
boundary passes near the center of the hills, which are composed of a
central core of monzonite or diorite porphyry,3 surrounded by Creta-
ceous limestones and shales dipping away from the flanks of the igneous
core. These hills are separated from the Franklins by an area ¢f ande- -
site porphyry and a rather narrow belt of high-level, unconsolidated
sediments and from the Sierro del Paso del Norte by a high pasr about
3 miles wide¢ underlain by unconsolidated sediments. The;” were
deseribed by Bose?®® who ascribed their formation to the intrusior of the
igneous rocks into the sedimentary rocks, forming a dome-shap~d hill,
which has been reduced by erosion to a series of concentrie hills.

Sterra del Paso del Norte.—Sierra del Paso del Norte, southwest of
Ciudad Juaresz, consists of three parallel ranges of closely folded Creta-
- ceous rocks, mostly dense limestones of Trinity age. The folding
occurs along a northwest-southeast axis that cuts rather sharply across
- the trend of the Franklin and Organ ranges. The highest peak is about
5,500 feet above sea level. The mountains are separated from the
Cerro de Muleros by a debris-filled pass about 3 miles wide, which has
an altitude of about 4,250 feet near the Sierra del Paso del No-te but
which is somewhat lower near Cerro de Muleros. They are separated
from Sierra del Presidio on the south by a debris-filled pass perhaps
5 miles wide, which also has an altitude of about 4,250 feet, and, like the
Frankling, they are bare of vegetation.

Sierra del Presidio and Sierra de Guadalupe,—Sierra del Preridio, a
long, narrow range of folded Lower ' Cretaceous limestones. trending
northwest-southeast, is formed near its northwestern end by the south-
western limb of a plunging anticline, the northeastern limab havir~ been

3 Dunham, K. C., op. cit. (New Mexico School of Mines Bull. 11), p. 172. A
B :!‘ Iziaoae, I%xglﬂié%onograﬁa Geologica y paleontologica del Cerro de Muleros: Inst. Geol. de México
ol, 25, p. 15, 3

\
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" destroyed by erosion or displaced by faulting. Toward the southeast
the northeast limb of the anticline is more prominent and is ertirely
present near Sierra de Guadalupe, from which it is separated by a
syncline. Sierra de Guadalupe is another anticlinal structure, sppar-
ently genetically closely related to the Sierra del Presidio, which appears
slightly higher than the Sierra del Paso del Norte and lngher then the
Sierra de Guadalupe.

Sterra. de San Ignacio—The Sierra de San Ignacio, at the south end
of the El Paso Valley on the Mexican side of the river, is separatec from
Sierra de Guadalupe by a rather narrow debris-filled pass, which I =s an
altitude of about 4,250 feet. Like the mountains discussed above it is
folded narrowly along a northwest-southeast axis and is almost ertirely
barren of vegetation.

Quitman and Malone Mountains.—On the Texas side of the Rlo
Grande the Quitman Mountains rise from the north side of a n~rrow
gorge through which the Rio Grande flows out of the El Paso Valley.
The Quitman and the Malone Mountains, like the above-mentioned
mountains in Mexico, are a part of the western branch of the Sierra
Madre Oriental3” whmh in'general, have a northwesterly trend. The
mountains are closely folded of moderate height and barren of vogeta-
tion. The Quitmans are composed largely of Cretaceous rock with a
large area of Tertiary intrusive rocks at the northwestern end of the
range, and the Malones consist largely of Jurassic rocks.

Finlay and Hueco Mountains.—A line of broad arches extends north—
westward from the end of the Quitman Mountains into New Mexico.
North of the Texas Pacific R.R. this arch has been dissected into a group
of hills known as the Finlay Mountains, which form the western bund-
ary of the Diablo Plateau in this area. North of the Finlay Mountains
a 500-foot west-facing escarpment of Cretaceous rocks forms the wostern
boundary of the plateau for a distance of 20 miles,?® and still farther
north the Hueco Mountains form the boundary. The Huecos are
5 to 8 miles wide and about 25 miles long. They consist of a maore or
less regular, west-facing escarpment, 1,000 feet or more in height, which
forms the western boundary of the Diablo Plateau, and a group of out-
lying hills, which are in part the dissected remnants of the anticline
mentioned above. The Finlay Mountains are composed principelly of
Lower Cretaceous and Upper Carboniferous rocks. The northerr part
of the Huecos is composed chiefly of Carboniferous limestones. the
southern part is composed of older Paleozoic rocks and pre-Carrbrian
rocks. The areas between the main escarp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>